Clinical examination of the occlusion of the teeth is usually devoted to the assessment of morphological factors such as tooth and jaw relationships, and periodontal health. The methods of measuring these factors are fairly well established but the measurement of the complex 'hidden factors' of occlusion is often neglected at a clinical level. These 'hidden factors' are chiefly concerned with neuromuscular control. They are related to sensory perception, to inhibitory and funneling effects (Bekesy 1967) to muscle coordination and many other things which are difficult or impossible to assess in the clinic.
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Difficulties of clinical assessment can be reduced by grouping sets of variables into classes so that general patterns of occlusion can be defined more easily. Despite all its shortcomings, Angle's classification of occlusion is still extensively used to describe, broadly, the morphological relationships of the teeth and jaws. There is a need for a similar general classification which relates broad variables of function to the morphological variables. For example, it is clearly advantageous to distinguish between patients with Angles Class II Division 2 malocclusion where in one case the muscle position and the tooth position (Brill et al. 1959 ) coincide, and where in another case there is no coincidence between the muscle position and the tooth position. In the former the sound of occlusion of the teeth will be of short duration and in the latter it will be prolonged. The sounds of occlusion do not, by them-selves contain information on either tooth morphology or muscle activity, but the sounds do provide helpful information on the relationship between these two parameters of occlusion.
Relating Types ofTooth Contact to Sounds
The relationship between graphic records of the sounds of occlusion and the types of tooth contact which produced them was investigated by filming various types of occlusal contacts with a Fastax rotating prism camera at approximately 1,000 frames per second. Fifteen subjects were used in these experiments. Film and gnathosonic records were made of approximately six tooth contacts of each subject. Synchronous 1 kHz time-bases were placed on the film and sound records so that the sounds were accurately related to the filmed contacts. There was good agreement between the nature and duration of contact and the sounds on the record. The sliding of the teeth over each other was seen on the films to synchronize with low amplitude vibrations and the tooth impacts synchronized with high amplitude features on the sound records.
A film analysis and synchronous graphic record of the sound of an unstable eccentric tooth contact is shown in Fig 1. The dots on the diagram indicate the positions of marked points on the teeth at 5-millisecond intervals along the path of closure of the jaw. The horizontal arrows indicate the positions of the points at the moment of the first tooth contact and the oblique arrows the final position of occlusion. The 'S' on the diagram indicates the tooth contact slide from the first to the final contact. The high amplitude feature produced by the first impact of the teeth can be clearly seen on the sound record and the lower amplitude vibrations which follow it were made by the slide. The duration of the slide was 25 milliseconds. Examination of large numbers of gnathosonic records show that they fall into three classes, A, B and C. The sounds of tooth contact of patients in Class A are impact sounds of short duration indicating stable occlusion; in Class B some sounds are short and some are prolonged, indicating some stable and some unstable sliding contacts; and in Class C all the sounds of occlusion are prolonged, indicating that all the contacts are unstable. The sounds of occlusion in the Class C record are often interspersed by lower amplitude sounds caused by sliding contacts of the teeth as they disarticulate on opening. These sounds are called separation noise, and are present in about 90% of patients with Class C occlusal sounds but in only 6 % of Class A patients (Watt 1969) .
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The record of the occlusal sound in Fig 1 was made on a Mingograph but the sounds of tooth contact can also be displayed on a storage oscilloscope. This instrument has the advantage that the visual records of the transient sounds of occlusion can be stored on the tube face and can be compared with successive sounds either by superimposition or by marking separate traces on different parts of the tube face. Although the envelopes illustrate the differences between classes, little information can be gained from superimposing so many sound patterns of successive contacts. The technique is much more useful for comparing small numbers of contacts, as it provides a measure of the patient's co-ordinationa parameter of occlusion which is often neglected.
A simple experiment shows differences in mandibular co-ordination. The teeth are first lightly clenched in the position of maximum intercuspation, then an attempt is made to tap them five times successively into exactly the same position of occlusion. Thus, one can recognize contacts which are identical and can easily detect slight differences between the contacts. Such differences are reflected by lack of superimposition of the sound records on the storage oscilloscope. Identical contacts produce superimposing sounds.
When treatment improves the occlusion by stabilizing the contacts, it seems that the coordination of the patient is also improved. Fig 3 shows before and after treatment records of a patient with a gnathic dysfunction. Before occlusal correction the disparity between six successive occlusal sounds is obvious. After grinding premature contacts the sounds are much more consistent.
An interesting question is posed by this observation. Why did the patient not become habituated to the malocclusion until after the teeth were ground? There are many possible answers to this question. Evidence is gradually accumulating which suggests the hypothesis that persistent lack of co-ordination is due to an attempt on the part _~~F ig 2 A, envelope produced by superimposing, on a storage oscilloscope, the sound records of100 Class A stable tooth contacts (JOsoundsfrom each ofIO subjects). B, similar envelope of100 Class B contact sounds. c, envelope of100 Class C contact sounds Fig 3 Superimposed storage oscilloscope traces ofthe occlusal sounds ofapatient before (above) and after (below) occlusal correction. Note how the sound records superimpose after the premature tooth contacts have been removed of the patient to accept the malocclusion and this habituation response itself produces sufficient feed-back to cause a further response. Thus, an 'occlusal echo' develops, giving rise to a noisy occlusion, resulting in a Class C sound record. In the long term, however, one would expect the teeth to wear or move until the malocclusion corrected itself. This undoubtedly occurs in a number of patients but there are many cases where it does not occur and malocclusion persists. A possible explanation for persistent premature contacts in natural dentitions is they occur only in 'dilemma situations', where two components of the patient's response act in opposite directions. The first response to unstable occlusion is a postural one by alteration of mnuscle activity. Then movement of the teeth and later wearing of facets takes place, and finally remodelling of the mandibular joints might occur (Moffett 1966 , Blackwood 1966 , Ramfjord & Ash 1966 . It is important to recognize that many of the symptoms of gnathic dysfunction are caused by the response of the patient to malocclusion rather than to the primary joint or dental lesion which caused the malocclusion. An example of this is to be found in the case of a lost lower molar.
The diagram in Fig 4 over -simplifies a complex problem but helps to illustrate what is meant by a 'dilemma situation'.
The loss of the lower right first molar is accompanied by mesial tilting of the second molar and a distal drift of the lower premolars. This drift is encouraged by the patient chewing almost exclusively on the opposite side after the loss of the tooth. This unilateral chewing habit tends to bring the mandible forward on the right and encourages the backward drift of the premolars which then present premature contacts of the distal slopes of their cusps when the patient closes in 'centric'. These contacts reflexly modify muscle activity so that the mandible is held slightly towards the left in occlusion. This causes further movement and habituating muscle response. Finally, the process settles down to an uneasy balance between the prolonged action of the forces involved in the healing contraction of the socket and the larger transient forces of occlusion. After some time, wear and movement of teeth produce a reasonably stable left eccentric occlusion which the patient habitually uses, but he might periodically experience pain caused by hypertonicity of the right lateral pterygoid muscle.
Records of the occlusal sounds of this type of patient often indicate stable contacts at first but after relaxation of the hypertonic lateral pterygoid muscle the occlusion becomes unstable because the patient then closes in 'centric' and hits the premolar contacts ( Fig 5) . This, then, is the dilemma: if the mandible is postured towards the left to avoid the premature contacts, muscle pain results; if it is not, the teeth are traumatized. The dilemma can be resolved by grinding the premature contacts to produce a stable centric occlusion.
A record of occlusal sounds is of prime importance in the diagnosis of gnathic dysfunctions, The presence of prolonged sounds indicating unstable tooth contacts does not, however, provide sufficient evidence to warrant the grinding of the teeth. Sometimes a short gnathosonic record indicating stable occlusion follows the relaxation of masticatory muscles. If this occurs it suggests that painful stimuli from the joint or other source initiated a protective hypertonicity of the muscles which in its turn produced the sliding tooth contacts. When the muscles are relaxed the occlusion returns to normal. In this type of case occlusal correction by grinding the teeth is obviously contra-indicated, and attention should be directed to investigating the mandibular joints.
Research
Our investigations of the nature of the responses to high contacts has shown that they vary greatly between individuals and between different types of contacts. It seems that an extra high or hard contact tends to be followed by a low amplitude contact, and habituation appears to be associated with finding a position of acceptable stability. If this cannot be found incoordinate activity persists.
Short-term Habituation
The side on which the first tooth contact took place was detected by noting on the storage oscilloscope the difference in time of arrival of the sounds at the left and right transducers. It was not enough, however, to locate the side of the premature contact; it was also desirable to develop a technique for measuring the dimensions of the premature contact. It requires measurements of the velocity of mandibular closure and of the time interval between the first and second contact to calculate the dimension of the first contact, but we found it was difficult to get an accurate measurement of mandibular velocity because the velocity decreased after the first contact. In our preliminary experiments we made our calculations of the dimensions of premature contacts on an estimated average mandibular velocity. The results of one of these experiments are shown in Fig 6 There are some errors, as approximate dimensions were calculated on the basis of 148 mm/sec average mandibular velocity rather than on actual velocity afterfirst tooth contact on the left mandibular premolars. The first contact on the left side was detected on the oscilloscope. The time-base was 1 ms/cm. The calculated dimension of the first contact was about the same as the thickness ofthe foil. The second contact was higher and third much lower. The fourth contact was the same as the third, and then the patient settled down to a series of contacts on the left which were about 0-02 mm greater than the foil thickness. Because an average mandibular velocity was used in the calculations there are obviously errors in the estimated dimensions of the contacts, but the method looks promising and can be improved.
Habituation over Longer Periods Experiments have been described which show methods of studying the immediate response to premature contacts. It is also necessary to study habituation over longer periods. To do this we record samples of 20 or more occlusal sounds before, and at intervals after, cementing foil premature contacts on the teeth. The changes in the average duration of the occlusal sounds can then be plotted on a graph and illustrate the habituation response over twenty-four hours or more.
The same technique can be used to trace the progress ofchildren undergoing orthodontic treatment and I am indebted to Mr Scott Sharkey and Dr Russell Logan for their work in this field. The gnathosonic records of a patient under treatment with a Frankel appliance at first show an increase in the average duration of the sounds of occlusion as the appliance causes movement of the teeth, but after some weeks this increase is followed by a slow decrease. The points on the graph in Fig 7 represent the average durations of samples of 20 tooth contacts over a period of twenty-five weeks of orthodontic treatment. The Frankel appliance is used only occasionally in the first week, hence the variations; but after the first week it is worn much more constantly and we see a steady rise in the average durations of occlusal sounds, followed by a slow decline. The dip in the middle of this decline was due to the fact that the child contracted mumps and left the appliance out for three weeks. On resumption of the appliance the duration of the sounds continued to decrease after a temporary short rise.
Surveys ofOcclusal Sounds
We applied the technique of averaging the duration of occlusal sounds to the investigation of occlusions in 495 children.
The measurement of sounds from paper records was an arduous task and we contented ourselves with sorting them into two groups: (1) Unstable contactsover 30 ms duration. (2) Stable contacts. A steady increase in the numbers with unstable sounds was observed during the mixed dentition. To reduce our work on these surveys electronic equipment was designed to average sounds automatically from tape, and we hope eventually to plot the means and standard deviations of the durations of occlusal sounds in large numbers of children. Thus it may be possible to predict occlusal disturbances before they can be detected visually.
Summary
Some uses of sound in oral diagnosis and research are described. As the treatment improves the occlusion the duration of the sounds diminish and the patient progresses from an unstable Class C occlusion towards a stable Class A occlusion. In some orthodontic cases we find that although the morphology is improved by treatment the stability of tooth contacts deteriorates. We do not at present know the whole significance of this, but hope that further investigations will give a deeper understanding of the subject.
